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(54) ANALYSIS PROCESSING METHOD FOR MEDIUM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To display related 
information in real time by a method wherein the related 
information in a THz waveform returned from a medium 
is extracted using a plurality of algorithms and 
compressed data thereof are displayed as pixel of an 
image of a T light beam of the medium. 
SOLUTION: A THz image processor 10 has a femto- 
second pulse source 12, an image processor 14 and an 
analysis circuit 18. The femto-second pulse source 12 is 
a semiconductor laser which has a wavelength in the 
vicinity of 800nm and a repetition rate of about 100MHz. 
A THz transmitter 20 of the image processor 14 
generates THz light to be radiated to a medium 16 to be 
inspected and a THz detector 22 detects a waveform 

transmitted through the medium 16 or reflected thereon. The THz transmitter 20 and the THz 
detector 22 are optically opened or closed by a beam splitter utilizing an output of the femto 




second pulse source 12. A variable delay line 26 changes optical delay between gate pluses 
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to obtain a replica of the THz waveform. With such an arrangement, the time distortion of the 
THz waveform is analyzed to obtain a structural component of an object and information of 
characteristic in real time. 
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(D3) mzmfeZi&mfcv&fctLT. mmm^n 
a, 

m*ki 5] ^ft<tt,ioo«ifi!tj«»t3fir-r*«it 

m fcit > y;b^nrc i/ y\\ # £t##x t- ^ ;/> , 

T -t y "J t . Z (DffiB 7 ■< A "9 %M iCfigffl $ *l£ 

V Y < hi % 1 

U 

(C) aWB^&<t*lo^«|*fl^*#3W«fca6 

(a) ?v^^«^^Dir-yit, 

(b) /t>H/U7^W>Ji, 

ts. 

[BI*Jfil9] H»O«|JSltJ«»<0«fft3SL^ COgl 

m-rzxrv y * $ a tcw-rs c t £ » « t r 

1 5 ©*ffi a 

r - - - , i 

i j , - ; ; r. v , 7" >••».. ^ . a a . 

• ■ * rj>\*-..<>* t ' *j , v. y w , . .*> \> 

"sT-S >X ir A >: ?J J£ !C B9 u , 4$ ?c -r y- w j* 



[0 0 0 2] 

>tt*m (polar materials) t-f ^->»*^ttffiJR* 

^g#tf>§£^t\ [11 van Exler £ D. Grischkowsk 

V M<D "carrier dynamicsof electrons and holes in 

moderately doped silicon," Phys. Rev. B. , vol. 4l T 
pp. 840-842, (1992) ] — #&Jgte^ 

[0 0 0 3] 7>K7, HC 1 *<D-f ^>tt 

^fX (Polar gases) CICOX^^ Hl/^i^iC&^T 

^> »<^*#K:«f»«*i!ftiK^-f >*«r. [-n 

iZR[UT«, H. Harde, S. Keiding £ D. Grischkowsk 
y ^(D Phys. Rev. Lett., vol. 66, p. 1834 (1991) 

tt^^ t> c o^ftstieia oasis & k ^ < ««r 

[Ctl^KHTlu. I. T. Kindt > C. A. Schaulis 
nmaer ;^£D "Tar-infrared dielectric properties of 
polar liquids probed by femtosecond lerahert2 puis 
e spectroscopy, " J. Phys. Chea , vol. 100, 10373 
(1996)5r#M<^eii: 0 ] 
[0 0 0 4] Lfc^T, THzX^t>7AS«H 

So [B. Hu t M. Nuss "Imaging vith terahert 
z waves, " Opt. Lett., vol. 20, pp. 1716-18, (199 
5); M. Nuss "Chemistry is right for T-ray ima 

ging, " JEEE Circuits and Devices, March 1996. 

fficoc^„ ] 

[0005] z zte&tiCVTy^ym&WLmmt. 

tafCKbTtL Nuss et al. ^CD "Terahertz timc-dom 
ain measurement of the conductivity and supercundu 
cling bandgap in niobium," J, Appl. Phys. , vol. 7 
0, pp. 2238-11. (19D1) ^m<OZt m ] 
[0 0 0 6] i&l*?: 'Tr- t>?:?/>t:> * t\ x^:. M i - 

-/-••'-■- _ • . t .:■ i ., ffr-r-. ■ ■ ■ • 

4' - -h r«y tix iiw. « . ;j i *j /»J i?Ji ^ fefi V ~- X >i ) i j - 
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[0 0 0 7] 7-UXg»M«X^hDX3 
fcf— - (Fourier transforn infraredspectroscopy (FT 
I R) ) te, ^t-U>l-TfeU^i®COjWg^St" 

(OFT I R36rtfett, JtB«FH»©*atJ«»**««»T 

[0 0 0 8] ftBftWttiJHffiO 8/3 8 8, 9 3 3v 
(^^c^)^,^ ; "Method and Apparatus for Terahertz 
Imaging" . tUHA ; Lucent Technologies) (£j:tt 

& j$ £ ft '^^I-l^i ^fifffl LTt-^o 
[0 0 0 9] EOTII 2 a^tWSfct, 1 hfnt> (ps) 

£ c ODT*^ hJl>$&&\'±. 1 0 0 GH zOT^i 5 T 

(Optical Jy gated) JftffiSglr £ 0 tT3»«T«>«rBj* 

lEitt*. [CinCBL/TIt Smith el al.^co IEEE 
J. Quantum Electr. , vol. 24. 255-260, 1988. 
^C<h» ] 

[0 0 10] ^©ffllje«^6«» (Hfctt. # 

L>Tte. M. Nuss t Orenstein 1?C0 "Terahertz time- 
domain spectroscopy," in Millimeter-wave spec t rose 
opy of so] ids, ed. George Gruener, Springer-Vert a 
g, (Berlin 1997) £#{BcD;i <h« ] dCOTH z M&Vt 

lcP$ffl£ft£>&£Bte. tPd*~ ^ftflitrjfclfttti (bolome 
trie detection ) <fcO fcRtirft±«3tta*J:t*. 
[0 0 11] f7^iyx^^ hn^rrtf-^ 

saws* ft* «k 5 < cDmfinftiaaKn^ tea 

Kuss|?<Z) "Chemistry is right for T-rays imaging," 
THEE Circuits and Devices. torch 1 006. pp. 2n--?,n. 

# - . -t pn7v-| ;• v _ _ , ,.-•». . : ....... 

■ " .... - - *■-. 1 * :~ i". ' > . j : ■ * • - . ■ • . 
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[0 0 13] [:W:SLTH M. Nuss et al. m<D 

"Terahertz time-domain measurement of the conduct 
ivity and superconducting bandgap in niobium," J. 
AppLPhys.. vol. 70, pp. 2238-41. (1991) *3£tf M. 

Nuss £. J. Orenstein ^f(D "Terahertz time-domain 
spectroscopy," in Millimeter-wave spectroscopy of 
solids, ed. George Gruener, Spr inger-Verlag, (fieri 
in 1997) ] 

[0 0 14] &<<OVfr&* THz8»l:t*tl*l£l/sa 

-r- $> z> fA , lt&. ZtLZ '< £ 9 M f V \ z "h :k * < , 

■> ^ ft s « . jc co «c jt^ ■; i ^ ^ n ^> w ffittie &s<o 

C£te<. m^Jb&<Dv—^-f^ > h \ZEEffiyzj5& 

BEia^^asijTsfcfef^ *svittT3tniii«w<z>tf^ 

[0015] 

(Wx-^^Jl/M^^n-ir^+r^ 

[0016] 

assnftoi/t) R*nfcTH2«^*«)Bia««* 
n&THz«»^6Ha»*sfa«a"rs. 

O-fi rajHj (classification frJSCD tt, *ft?ffcB8 

5t:':r .t.^ ^ n /T on— H ;/ j'/T";^ 
vnr.Spft:?:^:":^^ :-"l:LRti^r. .. .1 -.: .:: ;»fr ! l ; 
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[0018] EbJ#t3?JIK (dif fraction-limited) £ftfc 
*j»Xtfyh©Xtfyh**Xtt. HfflWfcKRtfcWT* 

[0 0 19] THz-TDSIWm«*fi*T»40 
tb (lining extraction) T&£><> ^fcTs B$W^tttti 

fcictoggff^n*, cco^ittMAfi w^^ggYfcsw 

[0 0 2 0 ] 38jftfi6*5»^ttJSSf»cOTfIzia^B$BI 
Wft & E H *£ t jt «& 0**6& b? - £ « tH^rft A T > 

*Cfc*^^<5« C^t!~^^tU (peak 
-position) Jflik&tmte*)* &$kCD#Ml>fr$>Z>\,m 

[0 0 2 1] THz»*W t>tt*X^2iSUt»0i 

JJlSTSMttSSai* (free-induction decay (F 1 
D) ) A»THzft«*SJ5E»-rs 

[0 0 2 2] i©J:54«HH WBBlOX^Jh^ 

K_Jf. ^rf'^'f?"'^ (linear predict iv? (-!'•;; 

(f.pn ) ^ix-rao^iswa^^y-;- ,:_ 

(tj'^oinctr i ^ picture) \ZJ^'0. M * <DX?MX}lM& 



[0 0 2 31 iOHRWftRHti^TIt THzSI 

*»4»«r*m**»e±flEr*&»fc, ajn-thzjs 
m *s^-r a -t s fttsw?^ * ;w 7 ^ t <t o gjjh 

[0 0 2 4] 

^fcffc^ftjSttffW:. *H«KttlIH*0 8/3 8 8. 9 

33° (RWftftfo "Method and Apparatus for Terah 
crtz Imaging" ) IciRI/n* tlfz<k O ScBififcjfflffiSE*:^ 
v^X^fT^^Oo C©±5fc&BKU 0ltC>7N3ft*T 

T H z |Q«UEILS£B 1 0 a, 7 x A M» Off IftPS [«]«>» 
DIL)tWX^7xA 1 2 t, T 

Hz4M#3tt*s**$n*i*SE«E#i 6 trait sn* be* 

§gl4 >#«t1§J!&1 8 
[0 0 2 5] M»A;^V-X12lt Ti :if 

U=© J: '3 I/— tf T* t) . dtltt 8 
0 0 nmifififOStfitttl 0 0MH z iOfegDilU b 

X12lt 1. 5 mjfig^SlTfjff t ^ 7 x A 

(optically gated) TH z 2 0 £3fc*MfcMBH 

$tl^THz^ttiig2 2i:^WT^ 0 tf-AX^U^* 

(E^-r) 7xA 2<Z)ttJ:ft£ 
2 *CD tf — A K##J U , ^tT^/^PX^ V*TT H 
z 5^m^2 OtTHz tt£H«2 2 t *3t^Mtc:B8fflTa 

(optically gate) . pJ^)l]SSi2 6 tt, THzW 

> ^ j u * n fc. y 1 j * & » § & ® i c « y — h / ^ x roi 

[0 0 2 6] 0 2tC^V^T, AttHl t*Sftfce«JC 

L ■ f ^ - I i h > * ', , . . < «. <- - • e- .'K . ^ i . 
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tf- A *C ct 0 figSt $ ft fc^«tf)*t&$J * t > 

ft izm ztz®& \z \zmm t* s . 

[0 0 2 8] B3©Alt THzSPt H««S#tt 
ODifcJB©#tf (broadening) £^T. 0 3COCtC*3^T 

ttffl»*TB»u *ott»wuxrtoii»iiiHk#tw« 

[0 0 2 9] H 3 (Z>D C^T J: 5 M«fT^I»1t.> 

3tt**0«P»(C .-k 9 &»0#J#li$|g2 t «t 5 , HI 3 <y E 
Jw^Ti^lc, 7k3g55. CO, , TIC 1 SKS«?<3D 

« ^ ftiKJBti/tju^, og^»}>©« -f > o W iftScT 

[0 0 3 0] THzX^ hn^nfcf— (DflWfciS^T 

[0 0 3 1] (»JR*tJB»r*) tt. » 

O&bft^, [^tltcHbTB, ffiftO Nuss, Orenste 
in. 1997 <&afc$t£#RBG>il£. ] *<<D*f*4«, TH 
zft«fc:J:t)A/t— ^tlS I 0 OHz^^StTHzTO 

T*4*«&;rrs<oT* KntTHz*»©7-iji 

[0 0 3 2] T KffimfaWM \Z%>^T\L IZ'&*> 
U ry^^7ot7it (DSP) S«WJ7;i/ 

5ft3o 



[0 0 3 4] *HmnFttiH£0 8/7 1 1, 1 4 6#fc 
ffl«Snfc«fc'5fc, 3tt*2/Xa-A3VH«r»JIHSnfcJiA 

[0 0 3 5]H4fclt 3fl<DHfift«Sli:l^g8iR 

/iSfflififtJBH (0. 1-0. 3THzi, 0. 3 — 
0. 5THzt, 0. 5-0. 7THz) Hf^THz 

^GQFFT^mfxU ^CDFFT^SiH^BS^W^ft-r 

:oo:ui] t^^ai^>:5'cii ittanHafeft 

■Ett. 7^> ( h 7 A ffV^ 0 ^ ^ ^ > i: 

i^-f X#THz«cltOifi«{iificM<lCon (lTHz-tp 
i£>»*ft«C*fUTtt3 0 Omm) 4#lC«L<feSo 05 

[0 0 3 7] iS^A^Ift^, 0. 2 5 — 0. 5TH 

*><Z)T»tK — H5B<D«JBtt, 1. 2 5-1. 5 
TH zHiftMHl:loTiirt4 ^ ti:±9ft5nfc 

jiiDi>&ctta^sff2:itt^iriB"c** (b> . - 
'&$nrzT?tmmitk (a) g^^ici^ftts 

[0 0 3 8) THz-TDSBBI«HW«ffT*5fc 

oi&mvmmmz&^fzTz Mz&zmm&iAm cm 

ming extraction) Tfc£o CfttlWAttf, EWiS^*3 

^Vf-fr rjtj V- i; It}, r -i • - r i_ 'ft .j.-, j v #! . ./.» - t *, — 

/. . * ■ 

! ■) 0 3 ; .lv>.j»< t ;.. „ "^i'tV^ ,:',./■-.. . ■■ 
>' 1- Am A. <b ^ 0 t« ^ i it -6 c £j /i^ ^ii i i . j Mjjti .<ii « - -i J 
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[0 0 4 0] aja»»SVittEJ*jft©THz«[ffi5<0«p|IB 

I,UfcXfc B [^tl^KL'Ttl, M. Vetterli £ J. Ko 
vacevic H<7) "Wavelets and Subband Coding," Prenti 
ce-Hall. (1995) &&M<DZ-£c ] fOfcfifc- ^X^r 

*#tti#J££fc£S&D* #ft<&#«bfcft*l>tt:*--/K 

% ^ a^nft mill X £ t- > -/J X iE -fr * CO ! -i . 
ffil'o*^^!^ (free-induction decay (F I 

[0 0 4 4] ::te (n) ^SC^/fcsi^^fc* 
cDK2lJfi-e. a k UiSB^Jo;^x-^-T?fe^ 0 LP 

:CTz=exp ( i 2 7C f A) A — 1 ^it> 

:/U>^i£&T&3 0 fi^S <z) Mt*St«£tf-JU 

(all-pole) 7^;i/^Saa-r^w^tC<kDS^E 

(z) #>£?#£tl£o 

//(z)= ? 

[0 0 4 6] LPC«&a k SSJf^X^^ muscd 
/Si*. 3^>s^« (S) »i, &'^x^ 

[0 0 4 7] ^2iCLPC^|jl^Ci:;aD, WES 



d) ) *£ja-r*fc«>fc. A»THzjft»ftsis»-rs 

[0 0 4 2] «*K* tfU^fflWF^HL (linear predict 
ive coding (LPC) ) <hbTfl5*'l*«HI*'f y<& 

[0 0 4 3] *58WJcJ:n«, #J££nfcS^ttifi*co 

^$n^>o dcojftj&kfcs (n) T*U MWC^L< 
IBflBbfcWHfT-eWjeStlfcfeOi-r*. x^-Jge 

(n) &&&zz£\z&K)V>7)i>ztiltlgLfflt* 

"C ^^)o 

[ft] ] 

1 



[0 0 4 5] ffi*«jgiiwiKi&*^-rfc.i6K, ^ (1) o> 
I* 2] 

2 



(ft 3] 

S(z)=H(z)E(z) 3 
[ft 4] 

4 

•y?'>?mit<»Rfr 0 t#tKtH»e^?^- (geowt 
ric pictures) <&J8WO>£. Sift (MS 3) !i, LPC 
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Fp1?J<DgatBH8BS&£k s(k)s(k-n) fcHflWtt 

hntf-X-^ hyl±Mmmv> Burgs TJI/zf 'J XA£ 
;fll/>Srtv. Levinson-Durbin7^^»JXAcoj: 

WUXAW^fflWl^^TH, DigitalSigtia! Pr 
ocessing, Principles. Algorithms, and Application 
s, J. G. Poakis t D. G. ManoJakis ¥ Prentice Hal 
1, New Jersey (1993) £#{1<DC: t, 
[0 0 4 9] «©*je«fc45^Ttt, THzWtl 

AtfJB^&ftfc. -coffi^?"^te. T3£|filH*££j£ 

u& n 5 J: "5 \z n - K ^ v 9 \z * ft . 4*56 CD ft tf*4 

[0 0 5 0] O^^-^T^^coliE^^^JT^C^^^^ 
L THztt*tel, h.^/s-y/- 

* flli tB U , z\-Y7 v 'J ft b BEfll cd a £ Itfict" 5 - t 

^©•WJUOW**^ »^«!JW#ft (Linear Predi 
ctive Coding (LPC) ) *tt«*iff»afl:¥IIHiL 

[0 0 5 1] *56W«— 35jSE«li43^Ttt, LPCWSr 

a= (a„ a 2 , ■ • • a M ) £ LTI&D fiftfto,, R 

ft. m^te&fczmmoxTsiziavx* mstmvz^o^ 

JBfcJfcfcUfc*** HJV { a iJ , i = 1 , 2, • • ■ p 
Tp<M*r&tr. 

[0 0 5 2] »-a©»w^«»a. tm*<* h)W%M 

firt^ft^o 

[0 0 5 3] *»WKli:*«*»^OjlWrtt, 

:>: ' , .V.i-j r::'r.Jr.H'J:^~ • < -:,! 

TLPC 'N 2 h ;U a CL^E-CD =&;k»i£fc: ±. '0 1&&'J<7 b ft 



i tB-»r*fc»»c**sft«^6ft^- »»as»tt2 

[0 0 5 4] *RHK:J:*fl:*»«l4. THzftfJOtf 
>r*Sftfc^ l J IC* Bl^THzlS 
fflSSKl 0<z>|feH*t>oT^»Wlc:fft)tifco 0. 3 
1 3 kP a©«BO£E*©HC 1, NH 3 , H 2 0 

p CH 3 CN ©4iSO^H Wb^30. 5c 

fco &Sg*»c45^Ttt, n<J;*- hSftfcTHz t;-A 

[0 0 5 5] g7i:H 1 3 k P aCDJ±*l<£>HC I SI 

TK^FIDH 0. 626, 1. 251. 1. 
8 7 6THzKl*^**R»m(OH«*fcf-T->f >^fcjB 

Hr<5*aB6««*ufc. [^n^Hitu h. m. pi 

ckctt, R. 1.. Pnynter, F. A. Cohen 3£(D Submi 1 1 imet 
e r, Mi 11 i me i e r, and M i c rowa ve Spec L ra 1 I i n e Ca I a 1 ti 
g s accessed via World Fide Web (http://spcc.jpl.na 
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